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(57) Abstract 

Photovoltaic element comprising a layered structure of at least a first electrically conductive layer, a layer of crystalline metal oxide 
semiconductor material deposited on the first electrically conductive layer, a transparent second electrically conductive layer deposited on a 
transparent substrate and an electrolytic liquid contained between the layer of semiconductor material and the second electrically conductive 
layer, wherein the layer of semiconductor material is deposited on a metal foil, which metal foil forms the first electrically conductive layer. 
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REVERSED DYE- SENSITIZED PHOTOVOLTAIC CELL 

The invention relates to a photovoltaic element 
comprising a layered structure of at least a first 
electrically conductive layer, a layer of crystalline metal 
oxide semiconductor material deposited on the first 
5 electrically conductive layer, a transparent second 

electrically conductive layer deposited on a transparent 
substrate and an electrolytic liquid contained between the 
layer of semiconductor material and the second electrically 
conductive layer. 
10 Such an element is known from the American patent no. 

5,350,644. 

The known photovoltaic cell comprises a light - 
transmitting electrically conductive layer which is 
deposited on a glass plate or a transparent polymer foil to 

15 which a number of preferably porous layers of titanium 
dioxide have been applied and wherein at least the last 
titanium dioxide layer is doped with a divalent or trivalent 
metal ion. The combination of titanium dioxide and 
conductive layer forms the photoelectrode of a solar cell, 

20 which solar cell further comprises a light- transmitting 

second electrically conductive layer which is deposited on a 
light-transmitting substrate and which forms a counter- 
electrode. Received between photoelectrode and counter- 
electrode is an electrolyte acting as redox system. The 

25 operation of the known solar cell is as follows . A photon 
from the visible light incident via the counter-electrode 
releases an electron at the interface of titanium dioxide 
and electrolyte from an electron-hole combination, which 
electron disappears in the conduction band of the titanium 

30 dioxide and is discharged via the electrically conductive 
layer of the photoelectrode. The resulting hole is 
supplemented with an electron from the electrolyte, while 
the electrolyte accepts an electron from the counter- 
electrode. The acceptance of electrons by the electrolyte 

35 can be enhanced by a catalyst applied to the surface of the 
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counter-electrode, while the efficiency of the solar cell 
can be increased by a sensitizer dye on the surface of the 
titanium dioxide layer, which dye absorbs light and herein 
acquires an energy- rich state and is able to inject an 
5 electron with an efficiency of almost 100% into the 
conduction band of the titanium dioxide. 

Such a known solar cell has a number of disadvantageous 
properties which stand in the way of large-scale application 
of this cell. Inherent in the use of glass as transparent 

10 substrate material is a determined thickness of a solar cell 
which makes the cell unsuitable for use for instance in 
particular products in the field of consumer electronics, 
such as watches. It is known that replacing glass with a 
transparent plastic results in a loss of efficiency of the 

15 solar cell. 

It is an object of the invention to provide a solar 
cell of very small thickness which has a high efficiency 
when transparent polymer foil is used as substrate material 
and which can be assembled in large quantities in simple 

20 manner. 

This objective is achieved and other advantages gained 
with a photovoltaic element of the type stated in the 
preamble, wherein according to the invention the layer of 
semiconductor material is deposited on a metal foil, which 

25 metal foil forms, the first electrically conductive layer. 

In the solar cell according to the invention light 
impinges upon the semiconductor material via the transparent 
counter-electrode and the electrolytic liquid between the 
cou&ter-electrode and the semiconductor material. The most 

30 obvious manner of light incidence in the known cell, i.e. 
via the photoelectrode, is precluded by use of the non- 
transparent metal foil. A photovoltaic element according to 
the invention is a "reversed solar cell". 

Surprisingly, it has now been found that the efficiency 

35 of a .reversed solar cell according to the invention is 

higher than in a known, above described solar cell, wherein 
the photoelectrode is impinged upon directly, and not via 
the electrolytic liquid, by the photons of incident 
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sunlight . • The cause of the recorded increase in efficiency 
is sought in the fact that application of a metal foil as 
substrate material enables sintering of the layer of 
semiconductor material at higher temperatures than in a 
5 known solar cell with a substrate of polymer material. 

In an advantageous embodiment the metal foil is 
substantially a zinc foil. 

In another advantageous embodiment the metal foil is 
substantially a titanium foil. 
10 With the use of a zinc or titanium foil a skin of zinc 

oxide respectively titanium oxide results when the 
- semiconductor layer deposited thereon is sintered, which 
skin on the one hand forms a protection for the underlying 
zinc respectively titanium foil and on the other forms a 
15 good electrical conductor owing to its photoelectric 
properties. 

The semiconductor material in a photovoltaic element 
according to the invention is for instance zinc oxide, tin 
oxide or,, preferably, titanium dioxide. 
20 The layer of semiconductor material preferably 

comprises a layer of photo-sensitization material deposited 
thereon, in particular a photo -sensitive dye, which is 
selected from suitable dyes known per se in the field. 

The transparent substrate in a photovoltaic element 
25 according to the invention may comprise glass and in an 

advantageous embodiment comprises a foil of flexible plastic 
material, preferably polyethylene terephthalate (PET) . 

The invention will now be elucidated hereinbelow on the 
basis of embodiments and with reference to the drawings. 
30 In the drawings 

Fig. 1 shows in schematic cross -sect ion a first 
embodiment of a solar cell according to the invention, and 

Fig. 2 shows in schematic cross-section a second- 
embodiment of a solar cell according to the invention. 
35 Corresponding components are designated in the figures 

with the same reference numerals. 

Fig. 1 shows the layered structure of a solar cell 22, 
which is substantially built up of a titanium foil 23, a 
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porous layer of nanocrystalline titanium dioxide 14, a layer 
15 of a suitable dye-sensitizer, a lithium iodide/iodine 
solution 16 and a glass substrate 21 on which a layer 18 of 
a transparent conductive oxide -(TCO) is deposited. Layer 15 
5 is shown in greatly simplified manner. In reality the dye- 
sensitizer is applied in a solution to semiconductor layer 
14 and penetrates into the pores thereof, so that the dye 
covers the whole semiconductor surface. The layer of 
titanium dioxide 14 is formed in accordance with a per se 

10 known method by sintering a dispersion of colloidal 

particles of titanium dioxide onto titanium foil 23, wherein 
between the sintered titanium dioxide 14 and titanium foil 
23 a layer of titanium dioxide 2 8 results which protects the 
underlying layer 23 against the corrosive action of the 

15 lithium iodide 16. The figure further shows a layer 19 (not 
shown to scale) of a catalyst, for instance carbon, for the 
conversion of neutral I in the lithium iodide solution to I" 
by accepting an electron from counter-electrode 18. In this 
solar cell 22 light (indicated by arrows designated hv, 

20 wherein h represents Planck's constant and v the frequency 
of the incident light) is incident on dye layer 15 via 
counter -elect rode assembly 21, 18, 19 and the lithium iodide 
solution 16. 

Fig. 2 shows an embodiment of a solar cell 25 as 
25 alternative to the solar cell shown in Fig, 1, wherein 

counter-electrode 18 is deposited on a flexible foil 26 of 
PET, whereby a flexible and very thin solar cell is 
obtained. 

It is noted that the examples given here serve to 
30 elucidate the invention, not to limit the scope thereof. A 
"reversed" dye -sensitized solar cell according to the 
invention can for instance also contain, instead of the 
above mentioned lithium iodide, another per se known 
suitable electrolyte such as potassium bromide or potassium 
35 iodide. 
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CLAIMS 

1. Photovoltaic element comprising a layered structure 
(22, 25) of at least 

a first electrically conductive layer (23) , 
a layer of crystalline metal oxide semiconductor 
5 material (14) deposited on the first electrically conductive 
layer (23) , 

a transparent second electrically conductive layer (18) 
deposited on a transparent substrate (21, 26) , and 

an electrolytic liquid (16) contained between the layer 

10 of semiconductor material (14) and the second electrically 
conductive layer (18) , characterized in that the layer of 
semiconductor material (14) is deposited on a metal foil 
(23) , which metal foil forms the first electrically 
conductive layer (23) . 

15 2, Photovoltaic element as claimed in claim 1, 

characterized in that the metal foil (23) is substantially a 
zinc foil. 

3. Photovoltaic element as claimed in claim 1, 
characterized in that the metal foil (23) is substantially a 

20 titanium foil. 

4. Photovoltaic element as claimed in any of the claims 
1-3, characterized in that the semiconductor material (14) 
is zinc oxide or tin oxide. 

5. Photovoltaic element as claimed in any of the claims 
25 1-3, characterized in that the semiconductor material (14) 

is titanium dioxide. 

6. Photovoltaic element as claimed in any of the 
foregoing claims, characterized in that the layer of 
semiconductor material (14) comprises a layer of photo- 

30 sensitization material (15) deposited thereon, in particular 
a photo-sensitive dye. 

7. Photovoltaic element as claimed in any of the 
foregoing claims, characterized in that the transparent 
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substrate comprises a foil of flexible plastic material 
(26) . 

8. Photovoltaic element as claimed in claim 7, 
characterized in that the plastic material is polyethylene 
terephthalate (PET) (26). 
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